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TOF08S 

The object of the work carried cm tinder this ootitraot ie to find 
or develop e doaeetio eaterial (or Materials) to be used aa vacuue tube 
soaeers to replace or eupoleaent the weeently ueed alee. 

will 
The prisery •is of the 

with aloe in ooet 
will bo to find a mlteble aaterial that 

of fehrioation. 

The aejor tawfcftsas in oaooeotten with the ftflfllejent of thle oontraet 

U   Find a eaterial of suitable strength end flexibility 
to ello* etanderd aaoesbly techniquee to be used 

4 satarial of suoh a nature that it say be fihrloatod 
to the standard tolsrsnoee and for slos et. low 

3«   ffcysloel end such tbst it say be 
or oootain elaaente or 

Of the other oarts, psrtfc» 

4*   4 aaterlel or aaterieli which will glwo equivalent 
electrical cberaoterlstioe without uaJor deeign 
in the structure of tho tube, e* g., (eaission, 
conductance, leakage, osnaeitsnoe. shook reaistenos, 
vibration, alorophonlo* and noise). 



General Factual Data 

taring the fourth Inter**! of this nroject our efforts have hewn directed 
:<*rd obtaining samples of new materials which would eliminate seme of the 
rtoowinge of nreviouely tested materials.   Also, we hare continued to 

tt-'aluata any new samples that we night receive. 

Our efforts to obtain variations and changes In the various types of 
shoot materials under investigation necessitate prolonged discussions with 
tho eupoliers of these Bateriale, and, even after agreement* are reached on 
the type and amount of changes to be attempted, considerable tine ll asses 
be Tort the new eew.il es art e*ellabls for test purposes,   for these reasons. 
tl a progress, particularly on KM types of these sheet materials, has bees 
d«-3 -yed during this Interval* 

In the nrevious report a statement was Bade to the effect teat the Johne- 
Me-Tills) Corporation, supplier of the regular terratex raw material, had refused 
to sake variations in the asbestos sheet stock,   stnoe that tine we have wean 
sacceesful in obtaining tbair cooperation on this work >   and thaw- have agreed 
to sake new sanploe with clay contents from 0 to 8 nercent.   These samples 
should be available for evaluation during the next interval. 

lew samples of terratex type material oreoered as handsbaets by the TAP   . 
laboratory were received and tested,   Sample 1468 proved to be the beet terra* 
tax anterlal tested to ants.   The test results are tabulated in the Detailed 
Data Section of this report.   Attempts were again ends to decrease the amount 
of gas given off by the materiel when under vacuum.   These tests consisted of 
treatments with various cli sal sal reagents in an effort to change the eurfao* 
ch-raeterletlcs, and thuzj lower the adsorption tendencies of the sheet material. 
•o definite improvements in gas eentent were observed after thsee tests* which arm 
deeeribed later in the rapes*. 

Evaluation of ths alca-baaed materials continued in as effort to deter- 
mine what factors were limiting the application of these materials as spacers 
and what techniques could be employed to reduce or eliminate the undesirable    * 
properties. 

Correspondence with one of the aonoliere of a mica-based sheet material 
di< closed that they are convinced that the binder they ware using was causing 
GO'-O trouble and they have agreed to change to a new tyoer which it is hoped will 
be am improvement.    Samples of this new material will be available In the neat 
interval* 

We have also received samolss of a new silicons impregnated mica sheet 
from another suooller and tints have two possible source* of this type of 
material. 

Thermal conductivity data have bean reoeived, for some of the more nromlslag 
of the materials tested in the previoue intervals, and the data are presented 
In the Detailed Data Section of this report. 

No results on the gas analysis tests have been reoeived to date, but this 
sorl; is being actively pursued nnd sose results will be available in the very 
nc".;'  flitter©.. 



Detail*! Factual Data 

The following description? identify tbe new aateriale and variation* 
in son* of the nrevlousljr tested aateriale investigated during the fourth 
interval of this project. 

A»b"fftaw--?M+a Mj^rtflt 

Lot*46-A - Tarratax typ* aaterial - (& clay) - 0.018-0.000" thiok 

Lot<M6-B - Tarratev tyoe aaterial - (6* day) - 0.01B-0.000" thick 

Lot Ul     - Tyne LI. Quinterr* (no clay) - 0.012* thick 

Lot 17B    - Type l.». Quiatorra (no clay) - 0.015" thiok 

Lot 2A-1   - Lot 2A Terratex - distilled water treataent far oontrol 

Lot 2A-2   - left 2A Tarratax - treated with dilate nitric acid 

Lot 2A-3   - Lot 2A f errata* - treated with 10)6 sodlua hjdrojcide 

Lot 2A-4 -   lot 2A Terratex - treated with 10$ notaaaiue hydroxide 

Lot 2fc*5   - Lot 2A Terratex - treated with aporox. 20$ oaleinu hydroxide 

Lot 2A-6   - Lot 2A Terratex - treated with aporox. 20ft bariue hydroxide 

Lot 2A-7   - Lot 2A Terratex • treated with aporox 20$ cerlua nitrate 
• • 

All of the above saaplee ware tosaerseil In the designated solution* and 
placed is an evacuated ohaaber for 1 hour, except #2 * fo which war* is solution 
10 rainutes and under vaouua 5 ainutes. 

This reduced tias vat* n*B •aaary to nrwvant disintegration of the paper 
durtag the treatment. 

(All of the above aateriale were treated with ethyl silicate by the 
solvent uethod prior to the test* described.) 

* Randeheets nrepared by the T.A.P. Lab., 0.1?. Pittafield Works 



ECSB2B and PG2SH2B - UUUm* raato traatad intagratad 
aqpnllad by tha Inaagratad Wea Corporation 

S-1032 - 8111MM reain traatad Hlcamat aupoliad by C«axal 
Ilaetjrio Ooapany 

Lot 155A        . - fltttama raala anodad Mloanat laadnata (a layara) 
la'JPJaw^a'-.     ^* ^ar^^a^aa^ •— 

Let 155B - miM* raain bondad Mioaaat laalnata 0 Uyar.) 

Tba pbyeical taat raaulta fbr thaaa aatariala ara tabulatad and diaotiaaad 
to tba foUming pa«ea. 



Ml! till 
«.iJ      •        ••        •      « 
1 1      i II £ 

5| 
'IS   if11   '5l   ^3     . 

1 ]I'|  1 .3*   fig     If 

i 111! hi  is! 

i 

H tits '^^im): 
11 luiftft- %*M &K*3 ass a 5 

4 i*\*>        v\*\io        «vtfV¥\        rnvw* 

4 sfl) jlai 5%ss alSS fill 

II     II     3       3       g; 
S*     S*"    S       5       Is 

5 



Fro* the orecediag nbyeleal teat results and Tic. 1, which It a plot 
of band teat information on typical samples of the various materials tested 
to date, it can be aeon that the Lot 146-B Terratex material baa the highest 
neohanioal strength of any of the material* wider teat and aooroxlmetely 60 
percent of that of the Presently need ahest wJc*, while toe terratex material 
lacks atlffness at small loads* as compared to the regular alea, the B-2 
Integrated Mica, and the S-1Q32 wlcaaet. It does have good strength. Fig. II 
is also a plot of bend test lnforaetion which shows the effect en strength 
and stiffness of air firing the Lot U6-B material. Fro* this slot It can 
be seen that the properties of the material can be varied, If necessary, to 
fulfil specific applications where flexibility or stiffness at snail bonds 
would be desirable. 

Bend test information for the variations In the Lot 2A aateriel was not 
obtained, eince the purpose of these treatments wae to observe their effect, 
if any, on the gas and vapor affinity of this material, this information is 
discussed under Tube Data later in this report. 

Data on the two samples of laminated winamat (Lota 155A and 155B) wore 
not taken when it was found that these samples when heated tended to dclaal- 
nate andwould not be eatiafaotory as tabs spacers. 

.   Because the effect of cathode cooling by heat conduction through the  . 
spacer material la of great Importance in tube design, the following teats were 
oerforaaa by the OonaTal ftglnesrlng Laboratory of the Qeneral Electric Company 
to determine the thermal conductivity of several of the materials under inves- 
tigation. This work was, iwniaaarj bssCTas tl>orm*l conductivity data for thess 
tyoea of sheet material* with heat flow parallel to the surface of the sheet 
were n«4 available la the llteratora. 

Thess test* were conducted on sample blocks of the various material* 
approximately 5* x 5" x \fc* built up from strip* 5" x 1/2" and supported in 
transits cleans fPr the test, A measure of the thermal resistivity was obtained 
when these blocks were heated to a known tewoerature en one sine and the result* 
lag steady state temoerature measured on the 0000aits side, * 

The results on regular sheet aioa, Lot 2A Termtex, FJ2SR2B and PC2SH2B 
Inlegrated sHea are as follows> 

•jgga---".-. 'me"*.** ssan Matarial 
^_ _ ^^^^^^ 

Terratex (Lot 2A) 5" x 5" x l£" «£ 512 92 
1CSH2B Iht Mica     5fx5«xlA" £* 530 33 
PG2SH2B 5"x4"xlA" **> 5*9 3A 



The aotlmated accuracy of those reeulte la j 10 percent.    The least 
ac <irete of the values acasuisd and necessary to calculate the resistivity 
of the saaple, is the saaple thickness.    Due to the) laminated character of 
those saaolss, the accuracy of the thickness niaoinrsnsnto was quite low. 

from this Information It arrows that frow the heat conductivity stand- 
oolnt all three of the asterlals under test are suoertor to the regular sheet 
mica.   Thus, from this consideration, It would ha possible to use greater 
thicknesses of these Materials than those currently- used with sheet ulna. 

Tube Data 

Tilt JAM test Units for the two tube types for which data mro mstoutad 
In thle reoort are as follows* 

Tm aaa aaai ft-«^^ 
-If   - 2.25 ua (sax) -If      - -1.0 ua (sax) 

Ip  - 7 - U m Ifi     • 1 - 2.1 sa 
Sa   - 4500 - 6500 uahos lf2     -0.28 -0.62 am 
lite* 4000 who*. 8a      »TB0- 1080 
It   -50ae(nin) 1.1 Sa. 610 - 1080 

as* .   -32 w (sax) 

To datandaa the effeot of the variomo aaaaloal treataente of the lot 
2A Terratex described earlier in this report Type S0^C-F (aod 12AT7) tube* 
were., aide. and. prooaasad on tha iionoh oxbmosi. sfjiilpmsnt where the relative . 
quantities of fas evolved could be observed. 

Dae to the snail ammbar af tobee la eaeh lot and random variations, tbs 
data on relative quantittee of aaa •volvodwrnro not ooneluslve.   However, 
there did armeer to be certain trends which might be of Interest.   All of 
tha Terratex -spaced   evolved at least twice as snob fan an tha average alca-soaeed 
ones.   Also, ton dlstlllad water treated and altrlo aeld treated saaoles 
sesawd to give off the gas sore slowly so that the higher pressures cane        •••;-• 
later la tha exhaust schedule than the other Terratex treataants.   Of the 
other five treatments, ths daloiua and bariua hydroxide treated seanles gave 
off tha largest quantities of gas,with tha potassiua hydroxide treated saaple 
third, tha sodium hydroxlda treated amaple fourth, and tha oarlua nltrata 
Sttwols aonaered to glvs off tha least gas of any of these Terratex saaplea. 
lone of tha treataants appeared to lanrove tha aaa oontoat of the Terratex 
enough to bo oallod a snlor lnoroveaent,   oo this oontlnuas to be a bif 
woolen in the application oT this type of waterial. 

"'   The electrical toot data for these tubas are as follow 

Ht* Ji- i 10.1 
57?D 
5100 

H • 
5»0 
5020 90 

.20 8.8 5290 5050 80 

.10 9.5 5420 5150 85 

.08 11.6 9100 5010 100 

.08 10.1 5120 5700 80 

.10 10.8 5780 5390 85 

.08 9.4 5460_ 5090 85 

.10 10.3 54J6T 4980 90 



,15 1D.6 9890 9980 89 
•08 83 4890 2690 70 
.15 93 5390 4380 65 
.09 9.9 9360 4070 75 
.08 93 9040 3160 75 

.08 9.4 4990 4450 75 

.08 93 9360 4920 85 
^10 93 9110 4390—80 
.06 94 5280 4320 80 
.10 10.6 9400 9060 99 

lot 

.10 9.6 
•10 83 
.20 93 
30 103 
.08 8.5 

w 3T -* 
iidL&i 

5090 

5450 
5300  4900 

9360 
4.780 
9140 

90 
V. 
s •: A 

3T 
30.7 9400 
10.3 5400 
10.6 5600 
9U 

9240 
5200 

.08        9.8     5260 
5060 
5180 

a 
230 
200 
200 
90 
99 

93 

9^ 

5160 
5180 
5060 

4990 
4830 
4900 

•08 
•03 
•05 

35 

Thai data do twrt iadloata 
of tubes owing tb* oawaAeBlly 
note *«t MM of *fc 

Ow too— §.# 

Ttmtex.   ffe*w*«r,, it la of interact 
v.w • T^\' -       ^^^  *^*w   T^^'njwJjBe^BewwB' ^•Bew»     ^^B»   ^Pawaw 

Hi •*» iMawiof *&i* aaUrial by 
to «nlnre mni to roach 

lot. 

To further evaluate the aaexdea of Terretex tod ffrtatorra asaf goats* 
Lota 146i, 1468, and 248, tyoe SD-60-C (?tod. 12AT7) tub.. were aade.    Lot 
Quinterre was not uud In this test because of its low aeohanieel strength 
the fact that it w the eane heaio naterial on tot 148 and dlffarad only 
thickness.   Lot 2A Terratax-soaoed tuboa ware made alone with recular eiea- 

the gaa giwen off by the 
Lota L46A# 1468 and 148 
aagnitude ee the Lot 2A 
AU fooroT 
in the 

147 
-and 
IB 

OB tba bench nmejist systoa where a BBasnri of 
rpeoar aeteriale could ba aada.   Oft tubes with 

gave off quantities of gas of the eaaw order of 
control tubes.   Ho differeooaw oonld ba obsarwed. 

gave off aewaral tiaee the quantity of gaa obtained 

70 
->•>. 

The electrical teat data for these fire lot. of tubee 
aore of tba tubes using Lota 1464 aad 2461 Tsnotex sneeers to haws wary high grid 
current roadinge. This could ba attributed to tba fact that tbeos two aawnles, 
being hand-aade sheets, were of greater density than the Oaohlnt —d. Lot 24 
Terratax and the Lot 148 Quinterra. Therefore, they wave aore diffioult to degas 
during tba noraal exhaust procedure. This had not bean obserwed during evacuation 
of the tubee, but it orobably would take a longer exhaust echedule or a different 

«S 



neat owunt prior to WM Wing to insure a nore eoanlete togriu of the 
spacers.    At only Halted quantitiee of these two saoploo woro available, these 
factors could not bo chocked at this time. 

Tube data art giwen below on tho Let 2a Tarrator. tot 340 Quinterra. and tho 
control tabes using regular aloe 

.02 9.9 5250 4990 300 .30 10.4 5000 4400 97 

.05 8.8 4750 4400 92 .20 9.2 4960 4200 94 

.13 8.8 4800 4490 98 .05 8.7 4790 4120 70 
•10 9.3 4920 4640 300 .05 8.1 4530 4200 85 
.08 10.5 5090 4760 100 .10 9.7 4830 4200 100 

-Ji  Jb   H   ism    it 
.15 9.2 4840 4200 75 
.15 9.5 9030 J*» 95 
•10 0.9 5000 400 95 
.10 9.4 4020 4400 109 
.10 9,4 4*50 4500 100 

The results os tho 7erretex-and (Joiatorra-etseoed toooa eonpere woraoiy nw 
tho aiea oontrol tabes and indioato that thee* waterlals could hove none application, 
If a technique could bo found for reducing their gas content. 

Life teat data for SD-6C (Hod. 12477) tabee, for abich Initial teat data wan 
presented In the eeoond laiarwal report,hare bean obtained. These lota of tubes 
ware designated as followst 

Ufa Lot #490 - Regular Hica (Control) 
• •   #491 * Lot 129 Quinorgo 
• »  #492 - Lot 134 remtex 
•     »   #493 -Lot 135 Terratex 

Figure HI la a nlot of transoonduetenos wereus noon on life for the aedian 
values of these four lota,    froa these data It can bo seen thmt the Lot 129 Quinorgo- 
soaeed tubes coapare Tory favorably with the aica control tubee, and that the tan 
lots of Torratex-epeeed tubes are not greatly different froa the oontrol tubes. 
The enoarofft rise in traiisoonduotanae fro* 315 hours to 504 hours for the Lot 134 
Terrrtax tubes la difficult to explain, although it eaounts to less than 5 neroent. 
Additional, tine In life test would be necessary to deteralne whether this rosult 
is really * trend or only a randoa wariation beeause of the swell nunber of tubes 
tooted.   These data are enoouraging and eeea to oonflra the belief that if initial 
gating   of the notarial could be owercoas, soae wariation of an aabaatea-baoed 
sheet could find application for inprowed  tone 

To obtain additional inforaation on the Terratex typo of aatcrlel, another 
tube type was triad to soo what new facts wight cone to light.   This tube typo 
van the SD-6L (104), *hich is a low power filawent type.   Tuboa ware aade to - 



Lot 2A Terratex to regular 
eqnipaont. HM electrical 

on autoset io production type 

A  SI 
0 1.60 949 
0 1.32 897, 
0 1.50 899 
0 1.55 917 
0 1.50 922 
0 1.50 906 
0 1.55 924 
.15 1.61 9S4 
0 1.73 942 
0 iast 

& Jte 
0 1.52 
a 1*55 i 

**** 1.54 
0 MS 
$ ***P 

*     1*69 

if Ji 1.1% SUbUai 
905 827 34 OR 
910 816 28 
918 828 36 

••^«!HB •75 96 
?¥ 800 34 
f* 829 95 
900 828 34 
*» 825 94 w 892 94 
973 5S 97 

i gewe tabes eoeoarable to regular 
the tribes were nroceeeed on tt>* aato- 

Theee date Indicate that the 
enecere.   This la enoooregia* 

satic miiilf «it at noreel production 

One neticnlar drawback of the Terratax aetariel waa deaonatrated during the 
Soonting operation on these tubes,   This drasWak concerned the eosntlng of the 
filaaent afWr the cage bad bean asesstilait and where It is desirable to ba abla 
to sea the gride so that tin flla—nt nay ba inserted without dntp.   With tba 
dear, uneprayed aicaa this was poaeible, but tba Terratex eaterial, balnf opaque, 
required greater skill and affort an tba part of the ooeretore to raaliss good 
Wbas.   This factor say llait tba anplicatlon of this tyoe of •aterial whara It 
Is de eirable or neeaaaary to obserre grid uHgnasnt or other faatoras after the 

oats is ooeplsted. 



The nbycical strength of the new ferratex eamplee, designated Lots 146A and 
and I46B, smears to be quite good and shows oromise of a material that oould 
rrolace mica, at laaat fro* the mechanical <>onsiderations.   The hlfh grid current 
reading! on tubes using sTtnwmre of these two aateriale may be due to the greater 
density of the sheet making it acre difficult to degas or to  foreign   material being 
incorporated    in the aheet while it is being made.    Sinoe theee too materiala had a 
higher clay content than the Lot 2A Terrewex, ft indloatoe the need for a foil 
evaluation of the effect of clay in, this material. 

The teat reoulta on the Lot 148 Quimterr* ojayrtu indicate that it aponrentljr 
done not impair the emlsslwm characteristics of the cathode aateriale and ia simi- 
lar to Terretex Iron the gaa coeaideration. It dooe hate fairly loo atrength^ 
bat tble aigfat be offeet by using a 

There bate not been any major improvements in reducing the fating character- 
istics of the asbestos-based materiala, end this ia still the hie drawback to this 
material.    The gas anelyals data should heln in solving this nrobleau 

The life test data on the SD-60 (Mod. 12iT7) tubes with Terretex and Quinorgo 
spaoere is encouraging and indioatee that these materiala hare real possibilities 
in view* tones.   Additional life testing of theee and other tabes will be heln-. 
fttl in determining to what extent the materials may give up gas daring tabs life. 

Up to the nr •sent tine no really satisfactory samples of any built-up adorn 
or integrated mica aheet materials have been tested.   Host of these hawe been 
mechanically weak awd wsnlfwntifl a tanaenay to resuee the emission charaoteristios 
of the oathodw materials.   Oueevea, as more interest is developed by people familiar 
with mioa end the iw>oessi1i^awn1 wsntifautui'ing of these materials, it shoold be 
possible to obtain a material which could be used in certain applications. 

U 



WORK TO BE PERFORMED NEXT INTERVAL 

Secure the gas analysis results on some of the materials under test and 
Interpret these results with an object ire of reducing the gas content of these 
materials, '. 

Obtain and evaluate new samnles of Terratex and integrated aica in an 
effort to find materials of higher strength and with less detrimental effect 
on the cathode materials, V. '~:0y7*:ZW^:mi.-:  i -•^r^'^-T*     '   t*: •.'•:•• 

' Continue to attempt new uroeessing 1>enhnlqpee and treatmerite that will 
improvg some of the oharacterlstica of mmterials otirrently on hand or available. 

Obtain experience on 
cannot be made utilising 
to be directed at 

to determine what tyoee can or ..' 
Oready tested. This work is 

of the various tube classifications. 
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